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Poultry manure management:
Environmentally sound options

P.A. Moore Jr., T.C. Daniel, A.N. Sharpley, and C.W. Wood

ABSTRACT: Inereases in the demand for poultry products have led to rapid und concentrated
growth of the industry which has caused excessive manyre supplies in certain areas. Although
pawlery livter is one of the best organic fertilizers nvatlable, and is an extremely valuable resource,

excessive land application rates can lad to nitrate leaching into groundwater. phosphorus (P)

rinoff into adjacent waier bodies, and possibly cavse elevated bacterial or viral pathogen levels in

kkes and rivers. Approximaiely 13 million Mg (14 million tons) of lister and manure was pro-
duced on UN. poudery farms in 1990, mast of which (68%) swas broiler lister. Except for small
amotints used in animal feed, the major portion (>90%) of poultry litter produced is applied to

agvicultural land, Adverse impacis resuliing from lund application of poultry manure may be pre-
vented by implemeniation of effective best management practices (BMDs). Examples of BMPs in-

cluele proper nusrient manngemens wsing agronomic rutes of N andlor P we of buffer zones be-
taveen tredied areas and waterways, correct timing and placement of manure, and irrigation
scheculing of liguid mannre 1o limis groundwater contamination. Nurient loading rtes should
be based an P in areas of the country thut buve P sensitive waterbodies and on N in areas where
entrapbivation of surfice wntter is not a problem. These practices manipulate the soil system ro
minimize pollusant loss to surface or groundwaier, Future research needs include the development
af new BMIs that result in decreased negative environmental impact from land applications of

this important resouree.

Incrc:\scs in poultry production in recent
years, driven by the demand for low-cho-
lescerol meat, have led to tremendous ex-
pansion in the industry. Rapid and concen-
trated growth of the poulery industry in
several states, however, increased the con-
cern about disposing of pouliry wastes with
respect to non-poine source pollution. Al-
thaugh poulery liceer is one of the best or-
ganic Fertlizer sources available (Wilkin-
s}, excessive applications ol lirter (as with
any tertilizer source) can cavse environmen-
tal problems. Nicrate leaching into the
groundwater, non-point source phosphorus
runolf imo surface water bodies, and release

of pathepenic micro-organisms are three of

the main problems encountered with im-
proper management of this resource, This
paper gives an overview of the current re-
search in Arkansas, Alabama, and Okla-
homa on the agriculural udlization of poul-
try litwer, and options available o integrate
liteer: into ccanomically and environniental-
ly sound management systems. Since the
agronomic value of poultry liter is well
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known and has been thoroughly document-
el in numerous publications ($alter and
Schollenberger; Hileman; Wilkinson; Miller
et al; Bosch and Napit), the main issues ad-
dressed in this paper are environmental,
rather chan agronomic.

Manure production and
composition

Integrated poultry production in the
United States is concentrared in che mid-
south region. Atkansas, Georgia, North
Carolina, and Alabama account for more
than 40% of national cash receipts de-
rived from the sale of poultry products;
Arkansas leads all states in both quantity
and cash value of poultry products. As
midsouth states are crucial to national
poultry production, levels of poultry pro-
duction are similarly important to the
economic well-being of these midsouch
states—cash receipts from poultry and
eggs constituted 45% and 51% of toral
1989 farm income for che scates of
Arkansas and Alabama, respectively.

Litter associated with broiler produc-
tion, manure gencrated from laying oper-
ations (hens and pullets), and dead birds
are the three wastes of primary concern in
poultry production (Edwards and
Daniel). Approximately 13 million Mg
(14 million rons) of litter and manure was
produced on U.S. poultry farms in 1990,
most of which (45%) was generated in
Arkansas, North Carolina, Georgin, and
Alabama (Table 1). Broiler litter account-

ed for 68% of the total fecal wastes gener-
ated by the poultry industry in 1990
(Table 1), Although data on amounts of
dead birds generated in poultry produc-
tion are scarce, 2 4% mortality rate over a
production cydle is considered normal for
most poultry operations (Edwards and
Daniel}. Using this value, the data in

Table 1, and live weights of 0.9 kg (2 Ib)

bird-1 for broilers, 0.9 (300,000 tons) for

layers, 0.7 (1.5 Ib) for pullets, and 5.0 (11

Ib) for turkeys (one-half live marker

weights; Sims et al., 1989), approximately

270,000 Mg (300,000 tons) of dead birds

required disposal on U.S. poultry farms in

1990. Commonly used, approved meth-

ods of dead bird disposal include burial

pits (open botrtom), co-composting, incin-

ertion, and rendering.

Land application offers the best solu-
tion to managing the enormous amounts
of manures generated on U.S. poulery
farms each year. Depending on the com-
position of individual poulery manures,
these materials can enhance crop produc-
tion via their capacity to supply nutriencs
and increase soil quality. Broiler licter is a
mixture of manure, bedding material,
wasted feed, feachers, and ash (soil picked
up during recovery). Bedding materials
are used to absorb liquid fractions of exc-
reta, and depending on locality, typically
include wood chips, sawdust, wheat straw,
peanut hulls, and rice hulls. Owing to its
relatively low moisture and high
macronuuient conrent (Table 2), broiler
licter is generally considered the most
valuable animal manure for fertilizer pur-
poses. Broiler litter also contains signifi-
cant amounts of secondary plant nutrients
and micronutrients (Table 2). Chicken
manure without bedding typically hasa N
content similar to broiler litter, buc higher
conceneracions of water, P, Ca, Mg, and
Zn (Table 2). 1t also has a higher propor-
tion of N as ammoniacal-N (Table 2),
which is subject to loss via ammonia
volatilization. Turkey manure typically
contains amounts of N and P similar to
chicken manure, but a lesser concentra-
tion of K (Sims et al.). Dead-bird com-
past is similar to broiler licter in irs nueri-
ent composition, excepe for its lower N
content; N losses are inherent to the com-
posting process (Table 2).

Manure management systems

Poulery manure handling systems en-
compass operations required for the re-
moval of manure from poulty houses, pre-
treatment, and transport to the field. How
poultry manures ate handled is dictated, in
large part, by the moisture content.

A byproduct of most broiler operations
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is solid poultry manure. Solid poultry ma-
nures (poultry litter and manure) conrain
>150 g dry matter kg™', which makes
them amenable to solid waste handling
systems. Removal of solid poultry manure
from production houses is typically ac-
complished with tractor-mounted box
scrapers or blades and machinery capable
of scooping the material, such as fronc-
end loaders. Currently, litter is removed
after five growouts, which is once a year.
Upon removal chis matesial may be di-
rectly land applied or temporarily stored.
Manure storage prior to [and application,
which may occur under roafed structures
{dry-stack barns) or well-secured imper-
mesble rarpaulins, allows flexibility in
timing of land application. This flexibility
is important for synchronizing of plant
nutrient needs with nuerient release from
poultry manure, which lessens the risk for
environmental contamination when these
materials are land-applied. Moreover, dry
storage reduces the risk of environmental
contamination as compared to exposed
manure piles.

If stored, particularly under roofed
structures, solid poultry manures may be
subjected to treatments aimed at enhanc-
ing their spreading characteristics, main-
taining their nutrient composition, or al-
tering their chemical and biological
properties via composting. Drying solid
poultry manures at the wetter end of the
spectrum, which may be accomplished via
static aeration or by mixing with drier
materials, may be desirable from a weight
reduction and spreading perspective. Dry-
ing is particularly desirable if solid poulery
manures are to be transported long dis-
tances. However, mechanical drying (fans
and/or driers) of these materials is rarely
practiced.

Considerable N loss owing to ammonia
volatilization can occur during handling;
addirions of water soluble phosphate fer-
tilizers (excluding ammonium phos-
phates), which reace with ammonia in
manures to form ammonium phosphates,
have been put forward as a means to con-
serve N (Mitchell et al.). Additions of
water soluble phosphates to solid poulery
manures increases the P concentration of
the manure, which may be undesirable
from an environmental perspective. Addi-
tions of alum may be the best method of
avoiding ammonia volatilization. This
would not only decrease volatilization,
but decrease P runoff as well. Recently,
Moore et al,, found that alum additions
to poultry litter resulted in a 99% de-
crease in ammonia volatilization. Since
there are a myriad of poultry healch prob-
lems associated with high ammonia levels

in chicken houses, high ventilation is
often required in winter montchs when
growers are attempting to maintain high
temperacures. Treacment of the litter with
alum may be a cost-effective way to main-
tain low atmospheric ammania [evels,
high nitrogen levels in liccer, while pro-
tecting the environment (decreasing P
runoff).

Runoff of dissolved P from ficlds re-
ceiving poultry litter can occur, even
when best management practices (BMPs)
are utilized. This is because poultry lirrer
contains high concentrations of water sol-
uble P (often in excess of 2,000 mg P
kg). This fraction is readily transported
in runoff water during intense rajnfail
cvents,

Recent work has shown that the level of
water soluble P in licter can be reduced by
several orders of magnitude with che addi-
tion of flocculating materials commonly
used in wastewater treatment and lake
restoration. Moore and Miller (1992)
showed water soluble P levels decreased
from around 2,000 mg P kg to less than
1 mg P kg™ lirter with the addition of alu-
minum, calcium and iron compounds. In
a study using rainfall simulators, Shreve et
al. found P concentrations in runoff water
from plots fertilized with alum-treated lit-
ter was 87% lower than plots receiving
normal litter. Fescue yields were also in-
creased with alum-treated litter, compared
to normal litcer, which was probably due
to decreases in N loss.

Composting, which occurs naturally
when non-sterile organic substrates are
combined with water and oxygen, may be
a desirable treatment for poultry manures.
In cthe composting process, which may be
applied ro solid poultry manures and/oc
poultry mortalities, aerobic microbial de-
composition generates sufficient heat en-
ergy 1o raise the remperacure of compost
mixtures to the thermophylic zone [40°-
75°C (104°-167°F)], destroying patho-
genic organisms and weed seed at temper-
atures 2 60°C (140°F). Composting
reduces the volume and weight of original
organic substrates, and rhe end result of
successful composting is a material that is
biologically stable, odor-free, and useful as
a potting media and soil amendment.
However, camposting is probably not
cost-effective with respect to agricultural
usage of poultry manure, since it is a time
consuming, costly method, resulting in an
end product that is not any higher in nu-
trients than fresh licrer.

Liquid poultry manures (those contain-
ing <150 g dry matter kg™) are generated
when manurse is scraped or flushed into
storage reservoirs, such as tanks, detention
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basins, aerobic or anaerobic lagoons, and
oxidation ditches. Most of the liguid
poultry manure is generated in laying hen
operations. While these materials are gen-
erally amenable 1o hydraulic pumping,
those conuaining berween 40 and 150 g
dry matzer kg, referred to as slurries, can
present problems to pumping equipment
because of their viscosity and the potential
to plug orifices. Solid-liquid separation
via sedimentation or filtration may be
necessary when liquid poultry manures
with higher amounts of solids are to be
pumped. Alchough storage in reservoirs
often serves to enhance hydraulic proper-
ties of liquid poultry manures with regard
to ease of pumping, these systems can re-
sult in considerable loss of plant nutrients.
Ammonia volatilization losses from stor-
age reservoirs range from 25 to 80% of
original N contained in liquids/slurties,
and P and K losses range from 5 to 50%
of original P and K (Tisdale et al.).

Land application of manure

Except for small amounts of poultry
manure used in animal feed, the major__
portion (>90%) is applied to agricultural
land. This application usually occurs no
more than a few miles from where it is
praduced. Thus, in states with a large or
growing poultry production industry, in-
creasing demands are being imposed on
agricultural acreage to efficiently urilize
the nutrients (primarily N and P) con-
tained in the manure. In the major poul-
try producing states, the amounts of nu-
trients produced in manure exceed crop
requirements in localized areas, especially
for P Poultry production is often concen-
trated in regions with small farms with
very limited acreages for land disposal.
While poultry production provides eco-
nomic incentives for these small farmers,
problems creared by utilization of manure
produced by these enterprises may have
major environmental consequences,

Transportation. Generally, cransporta-
tion of poultry licter is restricted to less
than 10-20 km (6-12 mi). Obviously,
being able to transport the manure greater
distances from the source of production
increases the acreage for land application.
Assuming poultry licrer contains 3.4% N
and 1.7% P (dry-weighr basis), a farmer
would have to add five and 10 times as
much poultry licter as 17-17-17 fertilizer
to achieve the same N and P application
rate, respectively.

Transport of solid poulery manure o
the ficld, depending on the discance, is
typically done wich spreader or large-bed-
ied trucks. Liquid poultry manures con-
taining between 40 and 150 g dry master

Page 3 of 8
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kg (slurries), may be pumped from stor-
age rescrvoirs into tank-bearing vehicles
for eransport to the field, which requires
agitation. Liquid poultry manures having
<40 g dry matter kg~' may be handled in
the same manner as slurries, or be
pumped directly from storage reservoirs
into pipeline systems, which deliver the
macerial to irtigation equipment at the
site of application.

“The economics of transporting poultry
litrer was investigated by Bosch and
Nappi. They found that in Virginia, litter
transfer from areas of high poultry pro-
duction to areas of low production should
be econornically feasible, but was not oc-
aurring. They concluded that regulations
ase needed that require poulery growers to
have a plan for safe disposal of manure in
order to operate (which would stimulace
litter transfer). They also indicated chat
government subsidies were needed to help
make liccer transportation cost effective.

At present, vertical integrators prescribe
maost of the feed, water, medication, hous-
ing, light, heat, ventilation, and harvest-
ing requirements for contract growers to
raise poulery. Although these contracts oc-
casionally cover certain areas of waste dis-
posal, such as dead bird disposal, they sel-
dom contain conditions for manure
managemenc. If the integrators were to
get more involved with manure manage-
ment, it would probably be much more
helpful in solving any environmental
problems than government regulation
and/or subsidies. .

Spreading equipment. The type of
spreading equipment used depends an the
practiced methods of storing and han-
dling poultry manure. Traditionally, poul-
try manure is broadcast direcdy from the
house, using a varicty of spreaders with a
shredder atrachment. Manure stored in
deep pits is removed by scraping and ap-
plied similarty with a spreader. In a few
cases, manuge stored in shallow pits is re-
moved by Aushing and, after large solids
have been removed by sedimentation
and/or Bltmtion, is applied with an irriga-
tion system, Spreading equipment can
vary with contrmctor and has chus seen lic-
tle scandardization. In many locations
where the poultry industry has recencly
expanded, existing farm equipment is
used to apply the manure. There has been
less progress in improving spreading
cquipment for solid manure than that for
liquid manure,

Land base available. In most cases,
the land base available for application of
manure is limited. This limication mainly
arises from restrictions imposed by the
ecanomics of manure transportation As

discussed earlier. This inflexibility may re-
sult in the application of manure to areas
with elevated soil N and P contents from
previous applicacions or with high runoff
or leaching potentials. Consequently, rec-
ommended manure applicarion rates
should be flexible and account for differ-
ing geology, soil, and topography of po-
tential application sites.

Currently, most manure application
rates are based primarily on the manage-
ment of N 10 minimize nitrate losses by
leaching. In most cases, this has led © an
increase in soil P levels in excess of crop
requirements due to the generally lower
rario of N:P added in poultry manure
than in crops. For example, poultry ma-
nure has an average N:P ratio of 3 (Table
2), while the N:P requirement of major
grain and hay crops is 8 (Fertilizer Hand-
book, 1982). Because of the relatively
greater accumulation of P than N in soil
receiving continual application of poultry
manure for several years, the soil test P
level in these soils far exceeds thar re-
quired for 100% sufficiency of many
craps (Sims; Wood).

Basing manure applications on I} rather
than N.-soil contents and crop require-
ments may mitigate the excessive build-up
of soil P and at the same time lower the
risk for nitrate leaching to groundwater.
However, a soil test P based strategy
would eliminate much of the land area
wirh a history of continual manure appli-
cations, as many years are required to
lower soil P levels, once they reach exces-
sive levels (Wood). In addition, farmers

relying on poultry manure to supply most.

of their crop N requirements will have to
purchase commescial fercilizer N, instead
of using their own manure N. Using 2 soil
test P based strategy may resolve potential
environmental issues, but places unac-
ceptable economic burdens on farmers.

Tillage effects. Application of poulery
manute before or during tillage will re-
duce surface soil accumulation of added
N and P and increase their distribution in
the oot zone. If a ground cover can be
maintained during times of the year when
runoff producing rainfall is common, en-
vironmental risks will be reduced while
crop utilization of N and P will be in-
creased. Preliminary rescarch in Arkansas
and Oklahoma using simulated rainfall on
soil receiving poultry manure indicat‘ed
that soil incorporation of manure with
tillage reduced N and P loss in surface
and subsurface runoff compared to brogd-
cast applications. This effect was attrib-
uted to a dilution of manure N and Pin
the depth of tilled soil.

Soil and manure testing. There are

many variables associated with poulery
management systems that can aﬂfa ma-
nure quality at the time of application,
These include the type and amount of
bedding material used, accumulation
time, feed, amount and quality of water
used to flush the house, location in a stos-
age pit at which the manure is removed,
and length of storage before land applica-
tion. The variabiliry in thesc management
factors can result in a wide range in the
nuerient composirion of the manure ap-
plied (Edwards and Daniel).

In those states where manute analyses
are conducted, toral N, ammonium N
{NH,-N), and moisture content are gen-
erally determined. With the use of more
sophisticated amalytical equipment allow-
ing multi-¢lement analysis in soil test lab-
oratories, total P, K, and other nutsients
can also be determined and reported to
the farmer upon request. As most of the
N and P in poultry manuee is in organic
forms (>90 and 60%, respectively (Ed-
wards and Daniel; Wood and Hall}},
much of the N and P is not immediarely
available ta plants. Manure application
based on toral nutrient contents are ad-
justed to account for nutrient availabiliry
in soil. Nitrogen availability is relared to
mineralization of organic N {usually 50
60% of the organic N fraction) and recav-
ery of added NH-N. This availabilicy
may be adjusted further co account for the
effect of storage time on N mineralization
and volatilization and of soil type on
NH4-N fixation. It is generally assumed
that 75 to 80% of added total P and all
the K is planc available. A cautionary note
to basing application rates on manure
analyses must be sounded, because of the
wide variability in nutrienc contents that
can be obtained. For example, variabilirics
associated with sampling the manure
alone can be 10 o 15 g N kg'!' ma-
aure (25 to 35 Ibs N ton™). This could
amount to a 25% over or under estima-
tion of N contenc (Table 2). Thus manure
analyses should be used as guidelines only.

Current soil test methods represent, for
the most part, plant available inorganic N
and P levels in soil. Because of the high
orgabic N and P concent of manure, soil
west recommendations must give credic
the mineralization of organic nurtients
during the growing scason. In addition,
poulery manure can provide plant avail-
able N and P for several years after appli-
cation. Thus, soil tests must also give
credit to the residual effects of poulery
manure, possibly resulting in a reduction
in application rates in years fo"owinglinf-
sial applications. In many instances it 1s
difficult to develop accurace credir for the
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variable soil, climare and cropping condi-
tions encountered.

ARernative uses of poultry
litter

Poultry licter, when mixed with feed
grains, has been found to be a successful
teed for cattle. Abour 4.2% of the poulury
litter produced in the United States is fed
to cattle (Carpenter). Although disease
problems have not been reported from
feeding manures to animals under accept-
able conditions, copper toxicity has been
reported to be a problem in sheep
(Fontenor ¢t al.), The licter contained 195
mg Cu kg due to feeding chicks high
levels of copper sulfate. Currencly, most
poultry producers feed an excess of copper
sulfate. Although chis results in an in-
crease in weight pain, the gains are not
due to a change in diet per se, but racher
to a change in litter composition (John-
son ct al.). There are two possible expla-
nations for this phenomenon, First, high
copper levels in the litter reduced popula-
tions of pathogenic microorganisms; and
second, non-biologically mediated reac-
tions, such as ammonia volatilization, are
affected.

It is important to remove any foreign
materials from the litter before using it as
feed. These materials include wire, plastic,
and glass. Ir is also imporrant to mainuin
a low ash content. When large quantiries
of soil are removed with the litter, the ash
content increases dramatically. Litter with
ash contents exceeding 28% should not
be fed to cattle.

Composted poultry litter is also sold to
nurseries and garden stores as an organic
amendment. However, ar present the
amounts seld in this manner represent
much less than 1% of the total litter pro-
duced. Poultry litter may also be use to
generace electricity. A power station using
poultry litrer became operational in Suf-
folk, England, in 1992, The power plant
cost approximately $35 million and will
use 10,000 Mg (11,000 tons) of litter per
year from the area’s poultry farms.

Agronomic and environmental
effects

Sosl properties. In addition to benefits
that poultry litrer and manure provide to
crop production in the form of nutrients,
these carbon (C) bearing materials can
build soil erganic macter reserves, which
benefits crop production via increases in
soil water-holding capacity, water infiltra-
tion rates, cation exchange capacity, and
structural stability. Kingery ct al. showed
that licter applications resulted in in-
creased organic C and tocal N to depths

Table 1. Number of birds and manure generated (dry basis) on U.S. farms In 1980,
ranked according to total amounts of manure generated

Broilers —— ——Layars®

———Turkeys—— ——Total ——

Number  Manure Number Manure Number Manure Number. Manure’
t U t H t

State  Produced

Millions  kgx 10" Millions

Arkansas 951 1427 15.3
North Carolina 540 810 125
Georgia 855 1282 180
Alabama 847 1270 9.5
California 2 347 29.0
Mississippi 13 620 6.1

Virginia 297 445 34
Minnesota 41 62 10.2
Texas 338 507 14.0
Maryland 265 398 33
Missouri 88 132 8.8
Delaware 232 348 0.6
Pennsylvania 116 173 18.7
Oklahoma 142 213 37
Florida 120 179 11.2
South Carolina 34 125 5.7
Ohlo 21 31 17.7
Tennessee 99 149 11

lowa 9 14 LK
West Virginia 44 62 07
Oragon 24 36 28
Washington 33 50 5.0
Michigan 1 1 54

Nebraska 3 4 5.1

Wisconsin 14 2 34
New York 2 4 a7
Kentucky 2 2 1.7
Hawall 2 3 09
Other States 156 233 47.9
Total 5966 8948 272

kpx10* Millions kg x 10*
52.8 22.0 2

Millions kg x 10*
939

39.8 1719

534 58.0 632.2 611 1496
55.6 20 219 875 1359
341 ! ! 856 1304
136.9 32.0 3488 292 832
244 ! ! 419 644

12.1 17.0 185.3 317 LLK]

1.7 46.3 504.7 98 €08
50.9 ‘ ’ 352 558
8.6 0.1 1.2 269 408
26.0 18.0 196.2 13 354
1.5 ! ’ 232 349
543 84 91.9 143 320
14.8 ’ ’ 146 228
45.1 ! ! 131 224

207 - 55 60.0 85 206
741 48 51.8 43 157
F

3.6 ! 100 152
333 8.8 95.9 27 143
20 39 420 46 105
11.8 23 25.1 29 72
21.5 ! ! 38 n
18.5 43 46.9 10 67
21.8 21 229 10 49
18.3 ! ! 17 a8
127 0.5 5.2 7 22
8.0 ! ! 3 8
4.9 ! ! 3 8
182.9 471 5134 251 930

1044 283 3085 6520 13078

'_in—cludes laying hens and pullets of laying age; pullats of laying ége; "r;Brérsréﬁtgé;).-bi the i&téi number

produced.
! Adapled from USDA (1991)
¢ Broller litter; based on 1.5 kg litter bird~* yr-,

# Based on 7.00 kg manure bird" yr*for laying hens and 1.4 kg manure bird yr* for pullets of iaying age

(Sims et al., 1989).

1Based on 10.9 kg manure bird~ yr* (Sims et al., 1989).

* Included in totals for "QOther States”.

of 15 and 30 cm (6 and 12 in), respective-
ly. Litter improves the water holding ca-
pacity of soils, as well as infiltration. Soil
tilth is also improved by increasing organ-
ic matter contents by applying litter.

Meuals, such as arsenic (As), copper
(Cu), and zinc (Zn), are often fed to poul-
try. This results in average concentrations
in the licter of 22, 56, and 188 mg meral
kg, respectively (Table 2). Kingery et al.
found clevated levels of K, Ca, Mg, Cu,
and Zn in soils heavily fertilized with
poultry litter. Elevated levels of heavy
metals in the soil will result in increased
uptake by plants, which will be consumed
by animals or man. Normally, however,
concentrations do not reach toxic levels.
For example, Wilkinson and Stuedemann
found char applicarion of up to 68 kg Cu
ha™' from broiler litter resulted in only
small increases in Cu contents of
bermudagrass and fescue.

Soil ferrility. Poultry litter is generally
considered the most valuable of animal
manures for use as a fertilizer, due mainly

324 JOURNAL OF SOIL AND WATER CONSERVATION

to its low water content. As mentioned
earlier, poultry litter contains large
amounts of N, B K, as well as secondary,
and trace clements. Under certain condi-
tions, various sales can build up from ex-
cessive poultry licter applications. Soil
salinity ateributed to poulery litcer appli-
cacions has occasionally been shown to re-
duce germination and growth of corn.
Nutrient imbalances in forages duc to
excessive litter applications have been ob-
served. Grass tetany in ruminants, which
is related to the K/{(Ca + Mg) balance in
forages, appears to be more likely on soils
that received excessive rates of poultry lit-
ter in the past (Wilkinson et al.), possibly
due to high K levels in licter. Therefore,
licrer application rates should be limited
to 9 Mg ha' or less for use on fescue.
Doultry litter is also a valuable amend-
ment for rice soils that have been leveled
by grading. In Arkansas, rice yields in-
creased as much as 286% with chicken
licter additions (Miller et al.). When inor-
ganic N, B, K, S, and 7n fertilizers were

1
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Table 2. Chemical Proparties of broiler litter, chicken manure, and dead-bird compost (statewide) sampled by the Arkansas De- z.

Broiler Litter* Chicken Manure* Dead-hird Compost’ partment of Pollution Control and Ecolo- !
Component Mean  Range _Me,%f_‘k_g._, 'rﬁaté?i?';%gg“'"”—Mﬂl’ﬂ_ﬂg'ﬂgg'_' gy contained fecal coliform counts in ex- : i ;
Water - 220261 as7 469770 . cess of the primary contact standards. : SR

- 3 217-498 i ; =

Total C 376 277414 289 224-328 2%2 167270 T,ow?"’.’ fecal fohf-mmh.m“"“ priorto |
Total N 41 17-88 46 18-72 18 13-36 t! C-HSC in PDU try Int -.IS state are not ; ]
NH N 28 0.1-20 14 0.2-30 05 0112  available. Therefare, it is unknown g i
";103-N 0'42 %‘g; %4 0.03-1.5 0.1 0-0.8 whether these levels are indigenous or, in ]’ ;

{ - 1 14-34 12 717 fact, due to runoff from animal manures, :
K 21 13-48 21 1232 13 820 d indi i :
S 27 - 245 6.00 Giddens and Barnett mdlcatcd_ that mod- !
Ca 1@ 0817 39 26-80 20 1134 crate amounts of surface-applied poultry |
Mg a1 14-4.2 5 1.8-6.6 4 37 litcer should not cause a water quality ;
Na 33 0753 42 274 problem (with respect o bacterial conca-

mg kg™ material mination) unless excessive amounts of

l'\:dn 268 175-321 304 269-378 355 205600  rainfall occur.

e 842 526-1000 320 80-560 3002 807-8530 Viruses have also b i :
Cu 56 25-127 53 38-68 02 BT o fiotes snd ooy rearesory oreed in f
2n 188 105-272 354 296-388 a8 tessae Dot May Fepresent 4 grearer 's
As 22 11-38 29 ' ' ' p'roblcm than bacteria. These include :

. - o viruses responsible for New Castle disease ;

* Adapted from Edwards and Daniel (1992), and Chlamydia. At present, very little in- !

:madpl:‘: from Cummins et al. (1992), formation on virus runoff from felds re-
. ceiving poulrry liter is available.

added at the same rate, these responses
did not match those resulting from poul-
try litter. A thorough review of the fertil-
izer value of poultry litter and other ani-
mal manures was provided by Wilkinson.

Water quality. The customary method
of poultry manure utilization is land appli-
cation withour incorporation, a practice
thar also increases the fertility of receiving
areas. However, the same nutrients thar
make poultry manure a good fertilizer can,
under some circumstances, be decrimental
to the quality of groundwater and down-
stream surface water. The potential for
water quality degradartion from nutrients
responsible for enropbication (N and P),
oxygen-demanding materials (organic car-
bon), and selected metals is of particular
interest in areas such as northwest
Arkansas where shallow, cherty soils and
karstic geology greatly increase the interac-
tion between surface and groundwater.

One of the primary health concerns
with excessive poultry liteer applications is
nitrate Jeaching into the groundwater. The
U.S. Environmental Protection Agency
limits nitrate concentrations in drinking
water to 10 mg NO3-N L-'. Ricter and
Chirnside indicated that 32% of the water
wells in Sussex County, Delaware, had
high nitrate levels (>10 mg N L") due to
improper poultry litter applications.
Kingery et al. found that high loading
rates of poultry litter resulted in buildup
of nitrate in the soil to 3 m depth or to
bedrock.

From a surface water viewpoint, P is the
element of primary concern, since it is
generally considered to be the limiting nu-
trient for eutrophication (Schindler). Ex-
cessive applications of litter ro soils resulr

in a buildup of P near the soil surface.
Kingery et al. observed soil tese P levels as
high as 225 mg P/kg soil in the soils in
Sand Mountain area of Alabama.

In 2 similar study of continual long-
term poultry lircer application to 12 Okla-
homa soils, Sharpley et al. (1993) found
that P accumulated in the surface meter of
treated soil, to a greater extent than N,
This reflects the differential mobility, sorp-
tion, and plant uptake of N and P in soil.

Using kinetic and enrichment ratio ap-
proaches, the movement of P in runoff as
a function of agricultural management
can be predicted (Sharpley and Smith).
Using these approaches, the P concentra-
tion of 2 2.5 cm (1 in) runoff event of 10
kg ha yr* soil loss was predicted for
grasslands in Oklahoma. Predicted P con-
centrations of runoff from three soils
treated with poultry liteer (1.5 to 3.6 mg
total P L) were much greater than from
untreated soils (0.1 0 0.2 mg total P L,
Under grass, erosion is minimal and, thus,
mose of the P will be transported in 2
bioavailable form (>809%, i.e., soluble and
NaOH extractable particulate P available
for algal uprake). These concentrations
are two orders of mapnitude greater than
values associared with eutrophication
(0.01 and 0.02 mg P L soluble and total
P). The potential increase in P transport
in runoff highlights the need for careful
management to avoid surface soil accu-
mulations of P as a result of poulury litter
applications on soil susceptible to runoff
and erosion.

Poultry wastes are known to contain
many potential pachogens. ln Arkansas,
the nation’s leading poultry producing
state, 90% of the surface water bodies

Air quality. Odor problems are the
number one complaint against animal
prowers received by state and federal envi-
ronmental regulatory agencies. Much of
the odor is caused by high levels of am-
monia. Volatilization of ammonia results
in decreased poultry productivity as a re-
sult of an increase in the incidence of as-
cites and other respiratory relared mal-
adies, such as Newcastle Disease,
Ammonia volatilization also resulrs in
tremendous N losses that could otherwise
be nsed for fertilization of pasturc or
cropland. Wolf et al. found that 37% of
the total N applicd on the surface of a
pasture was lost via volatilization after
only 11 days. With the inclusion of in-
house losses, this figure would increase to
well over 50% of the total N. Another
reason ammonia volatilization is detri-
mental is the negative impact it has on the
environment with respect to acid rain.

Crop production. Poultry litcer and
manure have increased yields in many dif-
ferent crops, such as bermudagrass, corn,
fescue, orchard-grass, rice, and wheat (Ed-
wards and Daniel; Wood). Most of the
yield increases are ageribuced to N, howev-
er, the responsc in rice on graded soils
that occurs in Arkansas cannot be dupli-
cated with inorganic fertilizers.

Issues and options

Education and technology transfer.
For several reasons, transfer of technology
relating to nonpoint pollution, especially
poultry waste management, differs
markedly from production agriculrure. At
least initially, the state and federal agen-
cies are involved in water quality and
grower/farmer is nov the target audience
for new information. Within each state, a
325
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state agency is often designated as the fead
agency concerning nonpoint source pollu-
tion, This is complicated by some agen-
cies having jurisdiction for surface water
but not for groundwater. In such cases, a
lead agency is still identified, but one
agency may take surface waters and the
other groundwater. The issue is further
complicated by federal agencies such as
the U.S. Department of Agriculture—
Narural Resources Conservation Service,
which implement practices that conserve
soil and water. This agency should have a
major role in the decision making pracess
because it has responsibility to design and
implement the selected BMPs. The poul-
try processing and retailing indusery is an-
other major player because its manage-
ment program is dynamic and can have a
significant impact on the amount and
quality of litrer produced. Ultimately, the
information must be disscminated to the
end user or grower. The USDA Coopera-
tive Exrension Service and the NRCS,
pravide the critical link between the farm-
ers and public agencies. The Extension
service has primary responsibility dissemi-
nating information to farmers. The
NRCS is the technical arm at the county
level thar incorporates the BMPs into the
farm plan.

Best management practices. The con-
cept of BMPs was introduced in Public
Law 92-500, which outlined several rigor-
ous requirements for a practice to qualify
as a BMP. The practice must relate direct-
ly to water quality and it must be cost ef-
fective. This difficult and amhiguous re-
quirement forces the establishment of a
dollar value on water quality. Until berter
mcthods are developed, the process will
continue to be a delicate balance berween
the value of the resource and cost of the
practice and most likely will require con-
sideration on a case-by-case basis. Accept-
ability and economic returns to the grow-
er are other requirements. Without them,
volunteer adoption will be low. Generally,
practices that increase net income are
compatible with water quality; however,
accomplishing chis requires a higher level
of management by the grower as well as
the NRCS technician developing and im-
plementing the farm plan,

Adverse impacrs resulting from land ap-
plication of poultry manure may be pre-
vented by implementing effective BMPs,

o~ The most effective BMP is limiting land

application rates to those needed for nu-
trient utilization. Examples of other
BMPs include using buffer zones between
treated areas and waterways, applying the
litter when rainfall is less likely in the near
furure, and light incorporation where soil,
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topography, and cropping system permit.
Litter amendments, such as alum treat-
ment of litter, may also be effective BMPs
since they result in less N loss and a de-
crease in P runoff (Moore and Miller
1994; Shreve et al.).

Best management practices are available
now that will protect and maintain water
quality, others are in the pracess of being
developed and field tested. Some of these
practices were initially used for erosion
control and have been around for some
time. Others are new and were designed
specifically for protecting water quality.
Generally there are three categories for
classifying BMPs thar address water quali-
ty problems associated with animal
wastes, These include strucrure control,
source contro} and land management,

Structure and source control. Practices
that fall into this category are those that
limit pollutant cranspott through water
management. Examples include terraces,
grass waterways, buffer strips, manure stor-
age facilities, dead bird composters, sedi-
ment catch basins, and so forth. These
practices have a proven record of effective-
ness. Buffer zones installed below cattle
feedlots, for example, have proven effective
in reducing transport of both N and P

These practices are very effective, casy
to manage, and include practices that
focus on controlling the problem at the
source rather than after entry into the
aquatic system. Example practices include
limiting manure application rates, appli-
cation of manure only on certain slopes,
and time of year,

Moving poultry litter to areas where
soil N and P levels are low would not only
improve crop production, but would de-
crease the likelihood of environmental
problems associated with excess licter.
However, the cost of transporeation
would prohibit this practice, unless the
government or the industry provides sub-
sidies for such a program as indicated by
Bosch and Nappir.

Land management. Some practices
manipulate the soil system to minimize
pollutant loss to surface water or ground-
water. Some of these practices include
timing and placement of manure, applica-
tion method (broadcast versus incorpora-
tion), nutrient management, and irriga-
tion scheduling of liquid manure to limit
groundwater contamination. Runoff loss-
es of soluble P are affected by land appli-
cation of commercial fertilizer and animal
manure and the amount lost in the runoff
is directly related to how the materials are
managed. These losses are often linearly
related to applicarion rate with greatest
losses of P occurring when the fertilizer or
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manure is broadcast and not incarporar.
ed. The level of soil test P also influences
the concentration and eventual loss of sol-
uble P in runoff (Sharpley et al, 1981).

Needs

_ Historically, stracegies for land applica-
tion of animal manuces have been based
on meeting the N needs of the crop being
produced. Perhaps this approach can be
justified on the basis of groundwater pro-
tection but little can be gleaned on the
basis of surface warer protection, There.
fore, the question as to whether poultry
liecer applications should be based on P
loading, rather chan N loading, has arisen,

Use of critical soil test P levels should
be applied at a watershed level rather than
at the farm level becituse P losses are rarely
uniformly distributed wichin a warershed
(i.e., critical P contributing areas exist as 4
result of land use and natural processes).
In addition, the watershed is the logical
unit for correlating land usc with the im-
pacted water body. To aid in developing 2
cause and effect relationship, runoff mod-
els need to be refined to better account
for P losses from various land-use scenar-
ios. The craditional methods of analysis
for P in the soil should be reviewed in
light of the mave ro susrainable agricul-
ture and conservation tillage. Under these
systems and where land application of
manure is practiced, the pool of soil P ap-
pears to be changing and this may not be
reflected by the traditional soil test. In
some cases, soil test results may suggest
the addition of P without a poessibility of
P response due to crop needs being met
by mineralization of arganic P

From a water quality standpoint, meth-
ods for analyzing runoff are needed that
determine the amount of algal available P
in soluble and adsorbed form. Methods
such as those recently outlined by Sharp-
ley et al. (1991) chat identified bioavail-
able P (BAP) should undergo wider test-
ing by researchers and appropriate
agencies. Additionally, some method of
relating soil test P to water quality is re-
quired. Investigations thar examine the re-
lationship between quick tests for soil, la-
bile, and algul available P should be
encouraged. .

Although many models are available, it
is often difficult to select che most appro-
priate model to obrain the level of detail of
information required, Once the appropri-
atc mode! is chosen, a major limiration is
often the lack of input data to drive the
model. This most frequently limits model
use, and output will only be as _reliab.lc as
data input. Because of these limirations,
more research should be directed to devel

T
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oping a soil index to identify soil and
management practices that may enrich the
bioavailable P content of surface warers.
Research on P precipitation in manure
weilizing Al, Ca, and Fe compounds, as
mentioned earlier, is warranted. If an eco-
nomically feasible treatment method is
found thac mansforms phosphate in poul-
try litter to an insoluble mineral thart is
stable for geological time periods, then
application rates of litter could be based
upon N loading, Efforts should be made
to utilize compounds that minimize am-
monia volatilization, hence, conserving N
and decreasing the threat of acid rain.
Runoff studies focusing on movement
of micro-organisms from land applied
poultry litter into adjacent water bodies
have not been reported in the literawre.
Informacion is needed on the types and
amounts of organisms reaching warer
bodies from land application of poultry
manures and on BMPs to deter such
movement. Nutrient management studies
should also be conducted to determine
BMPs that minimize groundwater conta-
mination from nitrate from poultry litter.

Recommendations

» Studies are needed to determine whether
poultry litter application should be based
on nitrogen or phosphorus loading.

*» Critical soil test P levels that {ead to eu-
rrophication of sensitive water bodies
must be identified.

* A need exists for a soil test that relates P
levels in the soil to P runoff from fields.

* Research on P precipitation in poulery
lizver using Al, Ca, and Fe amendments
should be continued. Effores should
utilize compounds that inhibic ammo-
nia volatilization.

* Studies on N dynamics and leaching,
particularly nitrate leaching into
groundwater, are needed.

» More information is needed on the loss
of micro-organisms, particularly
pathogens, in runoff from pastures re-
ceiving poultry litter.

* Models that accurately describe the fate
of nutrients (particularly N and P} in
poultry manure, soil, and warer should
be developed.
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